This p a p er describes a parsing sy ste m used in a fram ew ork fo r the developm ent o f Natural Language gram m ars. It is an interactive environm ent suitable fo r writing robust NL applications generally. Its heart is the SAIL parsing algorithm that u ses a Phrase-Structure Grammar with exten sive augm entations. Furthermore, som e particular parsing tools are em bedded in the system , and provide a powerful environment for developing grammars, even o f large coverage A
Introduction
Every parsing system should embed a set of tools or m echanism s which should provide an aid In treating a m inim um set of linguistic phenom ena. Designing SAIL we have mainly taken into account the generality of the parsing system in order to give a wide freedom to the grammar designer, so as to investigate many possible solutions in grammar design in order to adopt the best of them.
SAIL (System for the Analysis and Interpretation of Language) Is the parsing algorithm of the SAIL Interfacing System (SIS) (/Marino 1988a/. /Marino 1988b/, /Marino 1989/), and Just because of Its
features of generality the design has been driven by some general aspects which derive from various theoretical as well as computational accounts.
1. Whatever representation is adopted for the structure of the parsed sentences, it is agreed that complex sets of syntactic an d /or sem antic features m ust describe the linguistic units. Therefore, it Is necessary to provide feature handling mechanisms. This point has suggested to u s a way of providing a very rich language for handling feature structures (FS in the following). FSs are represented as trees where each arc is labelled by an attribute, and nodes can be pointers to the following alternative paths or a pointer to a leaf node where the value for the path spanned so far Is found.
They can store many kinds of information thanks to their efficient processing provided by a core set of functions. em b ed d ed In b otto m -u p p arsers. As m en tio n ed above, the p arser is se en a s a processor, th u s o n e o f its m a in ta sk s is to sc h e d u le the p r o c e s s e s /r u le s to ru n in a priority q u eu e. T h is q u eu e is n ot co m p letely u n d e r co n tro l o f th e p arser s in c e th e gram m ar ru le s an d the d ictio n a ry ca n a lso is s u e so m e sp ecific o p era tio n s or re q u e sts a b o u t th e m a n a g e m e n t o f th e sc h e d u lin g task.
T he n eed o f a flexible fron t-en d for the u se r is o f prim ary im p o r ta n ce to provide a p ow erful a n d c o m p le te d e v e lo p m e n t e n v ir o n m e n t. T h e u s e r in te r fa c e b u ilt o v er SAIL, th e S IS. is th e
fram ew ork w h e re a u se r ca n in te ra c t w ith th e u n d er ly in g p a rsin g s y s te m in d e v e lo p in g g ra m m a rs.
T h is in terfa ce p rovid es a se t o f co m m a n d s, d efin ed b y m e a n s o f a se m a n tic gram m ar, th a t are ca u g h t a n d p r o c e sse d by SAIL an d can h a n d le m a n y p o ssib le re q u ests o f the u ser.
In th e follow in g se c tio n w e give a b rief d e sc r ip tio n o f th e g ra m m a r an d d ictio n a ry form at a n d h o w a g ra m m a r is d efin ed in SAIL. S e c tio n 3 g iv es a n o verview o f th e SAIL p a rsin g sy s te m , p a rser o rg a n iz a tio n , a 
The SAIL Grammar

The Grammar Format
T h e fo r m a lism w e a d o p t to e x p r e s s g ra m m a r r u le s , ca lled C o m p le x G r a m m a r U n it (CGU), d e fin e s a s y n ta c tic a n d a s e m a n tic sid e ca lled s y n ta c tic ru le a n d s e m a n tic ru le, r e sp e c tiv e ly . T h e sy n ta c tic ru le c o n ta in s the p ro d u ctio n , th e te s ts, th e a c tio n s a n d th e recovery a c tio n s. T h e se m a n tic ru le c o n t a in s th e s e m a n tic c o u n te r p a r t o f th e s y n ta c tic t e s t s a n d a c t io n s . T h e p r e s e n c e o f th e s y n t a c t i c /s e m a n t ic re co v e ry a c t io n s is a v ery p o w erfu l m e a n to u n d e r ta k e a lte r n a tiv e a c t io n s w h e th e r th e r u le fa ils e ith e r m a tc h in g th e r ig h t-h a n d s id e o f th e p r o d u c tio n or c h e c k in g th e s y n ta c t ic /s e m a n t ic t e s ts . In th is w a y th e r u le s n eed n o t to b e cr u d ely rejected w h e n th e y fall b u t. for in sta n c e , th e y ca n a ctiv a te o th e r ru les th a t co u ld b e ap p lied s u c c e ssfu lly .
A ru le in SAIL is w ritten d e fin in g all th e p rev io u s C G U 's ite m s. In a d d itio n , it Is a lso n e c e s s a r y to provide th e s t a tu s o f the r u le /p r o c e s s , so th a t It ca n be p roperly tak en into a c c o u n t b y th e parser. The s t a t u s s a y s w h e th e r a ru le ca n be sc h e d u le d for a p p lica tio n or n o t b y th e p arser. It c a n b e activ e or in a c tiv e . A ctive r u le s a lw a y s are s c h e d u le d b y th e p a rser, w h e r e a s in a ctiv e r u le s are n o t (in active r u le s ca n b e s e e n a s sle e p in g ru les). T he s t a tu s p la y s a ce n tra l role in th e o rg a n iz a tio n o f a gram m ar.
A s a n e x a m p le , if a ru le d e te c ts so m e right or w ro n g c o n d itio n s in th e p a rsin g str u c tu r e it ca n eith er s e t a c tiv e or a ctiv a te a n in a ctiv e rule. T h e p r o d u c tio n is a u g m e n te d w ith a n a d d itio n a l item , ca lled th e so n -fla g list. T h is list s a y s for every ca te g o r y in th e rig h t-h a n d sid e w h e th e r th e c o r r e sp o n d in g n o d e m a tc h e d in th e p a r s in g str u c tu r e m u s t b e c o n sid e r e d a s a s o n o f th e le ft-h a n d sid e or n o t. If a so n -fla g is s e t to +■ for a r ig h t-h a n d sid e ca te g o ry th e co r re sp o n d in g m a tc h e d n o d e is a s o n o f th e le ft-h a n d sid e n o d e, o th e r w ise it is n o t a so n If <NOP> is u s e d th e n o n ly th e sy n ta c tic rule is ap p lied a n d th e se m a n tic ru le is n ev er co n sid ered .
The Feature Structures
In th e c u r r e n t s y s te m w e h a v e a d o p ted a d a ta str u c tu r e th a t c a n b e a t th e s a m e tim e efficien t to b e p r o c e sse d , h o m o g e n e o u s a n d r e u s a b le in v a r io u s p la c e s o f th e sy s te m . T h is is w h y th e s a m e d a ta s tr u c tu r e s are p r o c e sse d a t d ifferen t tim e s in d ifferen
lle d F e a tu r e S tr u c tu r e H a n d le r (FSH). a llo w in g th e m a in o p e r a tio n s o n F S s a s c r e a tio n , m o d ifica tio n , d ele tio n . C u rren tly, th is p a ck a g e c o n ta in s 12 m ain o p e r a tio n s th a t can be ap p lied on F S s. O ver th is s e t o f low le v el o p era U o n s o n F S s w e h a v e d e v e lo p e d a s e t o f g rap h fu n c tio n
O n ly th e s e m a n tic rule ca n be ap p lied an d the sy n ta c tic o n e is ign ored b y u s in g th e ca teg o ry <NOP-SE >. F in ally, b o th th e ru le s are ap p lied by u sin g th e ca teg o ry <NOP-ASE>. A s w e sh a ll se e in S ectio n 4. th is k ind o f p ro d u c tio n ca n be u se fu l in C S reco g n itio n , provid in g a n a lter n a tiv e w a y for d efin in g C S r u le s. M oreover, NOP r u le s are a lso u se fu l w h e n it is n e c e s s a r y to co n tro l th e a ctiv a tio n o f real ru le s, w ith th e ob jective o f lim itin g the in d e te rm in ism o f th e p arser.
Overview of the SAIL Parsing System
In th is se c tio n w e d escrib e briefly the parser, th e d a ta str u c tu r e s it h a n d le s, a n d h ow it w ork s. lin g u is tic s t r u c t u r e s o f th e g ra p h , a n d th e p a r se r m a n a g e m e n t fu n c tio n s to h a n d le th e v a r io u s p a rsin g to o ls a n d m e c h a n is m s (see S e c tio n 4.).
S ta r tin g from th e FSH core p a ck a g e, w e h ave a d o p ted th is d a ta str u c tu r e w h e re v er p o ss ib le
T h e p a r se r is a C F -b a se d o n e, orig in a lly derived from th e ICA (Im m ed iate C o n s titu e n t A n a ly sis) a lg o r ith m d e sc r ib e d in /G r is h m a n 1 9 7 6 / . It is a b o tto m -u p s h ift-r e d u c e a c tio n -b a s e d a lg o r ith m , p erfo r m in g le ft-to -r ig h t s c a n n in g a n d r e d u c tio n in a n im m e d ia te c o n s t it u e n t a n a ly s is . T h e d a ta str u c tu r e it w o rk s o n is a grap h w h e re all p o ssib le p a r se -tr e e s are c o n n e c te d . T h e g ra p h is co m p o sed o f n o d e s th a t c a n b e term in a l or n o n -te r m in a l. T erm in al n o d e s are b u ilt in c o r r e sp o n d e n c e to a s c a n n e d form , w h e r e a s n o n -te rm in a ls are b u ilt w h e n e v er a rule (other th a n a NOP rule) is ap p lied .
T h e p a r sin g s y s te m w a s d e sig n e d to view th e g ra m m a r r u le s a s p r o c e s se s to be e x e c u te d , a n d the p a rse r a s th e p ro ce sso r . At a n y m o m en t, th e p arser, follow ing a priority sc h e m a , h a n d le s a q u e u e of p r o c e s s e s a w a itin g e x e c u tio n . In fact w e ca n h ave d ifferen t ty p e s o f ru le s w ith d ifferen t p riorities of e x e c u tio n . S o it is p o ssib le th a t a rule, w h e n a p p lied , s e n d s a r e q u est for e x e c u tio n o f a n o th e r rule in se r tin g th e ca lled ru le in th e ap p rop riate p o sitio n in th e q u e u e . A fter a sc a n n in g or a red u ctio n , the n e c e ssa r y , ex tr a c tin g o n e AS a t a tim e b efore a n a ly zin g th e n e x t o n e. A fter a n A S is ex tr a c te d from
ASL th e p a rse r s e a r c h e s a m a tc h for th e rig h t-h a n d sid e o n th e graph. T h e m a tc h in g , if s u c c e s s fu l, re tu r n s o n e or m ore s e t s o f n o d e s, ca lled red u ctio n s e t s . For ev ery r e d u ctio n se t. th e a p p lic a tio n o f th e ru le is tried. In th is w a y w e c a n c o n n e c t to g eth e r a ll p o ssib le p a r se s for a s e n t e n c e in a u n iq u e str u c tu r e . T h e co m p lete algorith m o f th e p a rse r is therefore:
Until the end o f the sentence is reached: 
Parsing Tools
Rule Disabling/ Enabling Operations
A s sta te d p reviou sly, ru les can a s s u m e tw o d ifferen t s ta te s , active or in active. The ru le's sta te is d eter m in ed at th e m o m e n t o f ru le d efinition . In ad d ition , it is p o ssib le to ch a n g e the sta te d u rin g ' .he p a rse b y u sin g tw o sp ec ific fu n ctio n s. In the a p p lica tio n o f a rule, o th e rs m ay b e ch a n g ed from active
to in a c tiv e , p erform in g a d isa b lin g o p era tio n , or ch a n g e d from in a c tiv e to a ctiv e, p erform in g a n en a b lin g o p era tio n . It is p o ssib le to c h a n g e th e sta te o f o n e or m ore ru le s at a tim e a n d th e ru les can a lso perform se lf-e n a b lin g a n d se lf-d isa b lin g o p era tio n s. C h a n g e s o f s ta te effected d u rin g a p a rsin g are n o t p e r m a n e n t. 
Dictionary-Driven an d Rule-Driven Activation
T he m e c h a n is m o f a ctiv a tio n o f ru le s c a n be u se d in o u r p a rsin g s y s te m in ord er to im prove the d e te r m in ism o f th e p a rser. We rem ark th a t th e p a rsin g a lg o rith m is b a sic a lly a b o tto m -u p p arallel n o n -d e ter m in istic p arser, so th a t p a rtitio n in g a gram m ar a s a s e t o f a ctiv e a n d Inactive ru le s, a n d d rivin g th e ir a p p lic a tio n b y an a ctiv a tio n m e c h a n ism , w e ca n a ch ie v e a g rea t co n tro l on th e p a rser d ir e c tly from th e g ra m m a r, w ith o u t e m b e d d in g s p e c ific c o n tr o l s tr a t e g ie s w ith in th e p a r sin g a lg o r ith m .
A ctiv a tio n o f r u le s c a n b e effected d u rin g th e tw o m a in p h a s e s o f th e p a rse r activity: s c a n n in g a n d r e d u c tio n . D ic tio n a r y -d r iv e n a c tiv a tio n c a n be p erfo rm ed w h e n th e p a r se r s c a n s a form d e fin e d w ith a n in te r p r e ta tio n lik e th e follow ing:
(set-int category <category>
isem val <semval> features (((queue) (rule-name+))))
T ) th a n k s to th e ru le -a c tiv a tio n m e c h a n is m a n d 
NOP r u le s. T h e c o m p le te a p p lic a tio n for a C S p ro d u c tio n aAJ3<-cqffi is m a d e in tw o s t e p s . T h e first o n e c o n c e r n s a c o n te x t d eter m in a tio n , th e c o n te x t b ein g re p r esen te d b y th e rig h t-h a n d sid e o f th e C S p r o d u c tio n . (r $ . T h e s e c o n d o n e is j u s t an a p p lica tio n o f th e CF p ro d u c tio n A<-y, if a n d o n ly if th e first s t e p h a s d e te r m in e d th e c o n te x t w h e r e th e C F p r o d u c tio n is a p p lic a b le . T h is c
M essage Passing
T h e m e s s a g e p a s s in g m e c h a n is m is a p a r s in g to o l th a t m a k e s p o s s ib le a s y n c h r o n o u s o p e r a tio n s o n lin g u is tic d ata . T h is w ay o f p r o c e s s in g im p lie s th e c o -o p e r a tio n b e tw e e n tw o ru les
w h ic h in te ra c t w ith e a c h o th er e x c h a n g in g so m e in fo rm a tio n b y m e a n s o f a s e n d in g a n d a receivin g ta s k p erform ed at th e tw o in d e p e n d e n t tim e s o f ru le a p p lica tio n . T he s e n d in g ta sk is perform ed b y th e se n d in g ru le at a Ume T^, s e n d in g a m e s s a g e for a n o th e r rule. T h is la tter rule m u s t perform the receivin g ta s k to receive th e m e s s a g e at its e x e c u tio n tim e T2 . (T2 > T i). S in c e th e re lev a n t lin g u istic T h e s y n -a c t io n s are a p p lie d if th e r ig h t-h a n d s id e h a s a m a tc h a n d th e ru le M a k e -a n d -r u le is a c tiv a te d to b u ild a n o n -te r m in a l n o d e AND. T h e sy n -r e c o v e r y -a c tio n s are a p p lied w h e n th e p a rse r h a s to b u ild for th e first tim e a n o d e AND. a n d th e rule M a k e-first-a n d -r u le is a ctiv a ted . T h e se tw o a ctiv a ted r u le s m u s t be in a ctiv e s in c e th e w a tc h -r u le h a s th e w o rk o f a c tiv a tin g th em . /G r is h m a n 1 9 7 6 / G r is h m a n , R. 1 9 7 6 . A S u r v e y o f S y n t a c t ic A n a ly s is P /D e liv e r a b le 9 / .
